
PCT/EP200 A/009357 






The Patent Office 



Concept House 



Cardiff Road 
Newport 



South Wales 
NPIO 8QQ 



I, the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) 
of the Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of the 
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
originally filed in connection with the patent application identified therein. 



In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named 
in this certificate and any accompanying documents has re-registered under the Companies Act 
1980 with the same name as that with which it was registered immediately before re- 
registration save for the substitution as, or inclusion as, the last part of the name of the words 
"public limited company" or their equivalents in Welsh, references to the name of the company 
in this certificate and any accompanying documents shall be treated as references to the name 
with which it is so re-registered. 



In accordance with the rules, the words "public limited company" may be replaced by p.Lc, 
pic, P.L.C. or PLC. 



Re-registration under the Companies Act does not constitute a new legal entity but merely 
subjects the company to certain additional company law rules. 




SUBMnTED OR TRANSMITTED IN 
. COMPLIANCE WITH RULE 17.Ua) OR (b) 



PRIORITY 
DOCUMENT 




29/08 *0d FRI 12:3d FAX +92 2 722 2299 



I>^teabsFomil/77 

Patcnl3iiV<t 1977 




IP LAff GROUP BRDSSELS Iigl002 

29ftUG03 E8|5487-l 40295AX___ii__. 



POi/7700 0p0-032!&206.6,*' 



Request for grant of a fiatent 

(See Uic mrfval AuA f Aft &adk of dUb Aniii ITw ^aii afw j^vf an 



The Patent OlBAft 

CardiirRaad 

South Wales 
NPID SQQ 



1. Yout reference 



2003M091 



2. Patent appIiC^iOA number 

CI3h^ P&tczit Office will fi7/.Hf fhl^ pert} 



0320206.6 



2 9 AU6 2003 



3. Full name, address and postcode of iJie or oT 
each applicant (umktrBiwaii;futaam$i^) 



Fatoiiis AOP number (JfjmuJtamvJO 

If the appIlcQnl: i& a eotporato body, give ih^ 
countxy/stals of its fncorpo]:'atii7n 



ExxonMobil Chemical Patents Inc. 
5200 Bayway Drive 
Baytown 
TX 77520-5200 
United Slates of America 



3\ ^7.23^0 OQ:_ 



Delaware, United States of Arnerica 



4. THIc of the Invention 

Improvemente In Or Reilating To Plastidser 



S. Name ofyOur^ent eirjnHr/atveone) 



DEW. Meivyn J. 



"Aildnws for service" In £he United Kingjiom k,, . . r^^h^,, 

to which all com«pondence should be «nt £nSS ^ 

St Catherine's House 
2 Kingway 
P.O. BOX 397 
London WC2B 7WJ 

Patents ADP number fifjnu x-now ' ^ L 



6. If you are declaring priority ixom One ov jkiore 
earlier patent applications, give the country 
and Uie date ofniiif^ of the or of each of thene 
earllctr app1icatloix<i and (fryouknawi^ihB or 
each application number 


Country Friorfiy^pplicniinn nidcnher 


i>Bfe«)rfUix]g 
(ii^y /month /year) 


7. If this applicatian is divided Or Otherwise 
derived from an esurlier UK applic&lioik, 
give the number and the filing date of 
the earlier applicatian 


NumlMia* or oarlior fppHooktcm 


Dateoriifing 
fd^y / mtxnth /year} 



to git^xu of a patent rcqidrcd in suppait of 

this rcquesi? (Answer Yes'l^ 

b) tJierc is m fov^tor wht^ S$ not named as an 

appl^nt or 
4^ ^nyn^medapiOieaot is a corporate body. 
SBanatB(d)) 



yes 



29/08 00 FRI 12:34 FAX +32 2 722 2299 



IP IMi GKUUr |}kuosisxj» 



Patents IPorm 1/77 



9. finter the number of sheets Tct any of the 
fallowlQg Items you are iillAg with thl» fonn. 
Do not count copies of the same document 

Contfaiuatilon sheets oF thi^t forai 

Abstract 
Drawing 



10. If you art filing any of the following, 
state how many against each item. 

Pnoziiy documeAts 

TrazisiatiOftd of priority <locument3 

Statement of iiivcniorship and right 
to gram Cf a patent (PaienU Farm 7/77) 

ItequBst for preliminary exanlination 
and search 0^icaa foim 9/77} 



29 pages 

5page$ 
1 pagd 

2 pages 



11. 



Kcquest for substantive examination 
PiAy Other documents 

^tktasespaei^) 



1/We request thegrant of a palent^n t^e basis of this appUcation, 
Signature /tx.SJ^y^"PP}::^^ 2&-Aug-03 



After an apj^icaUan for a patent has been filed, the CompirvllGr of the Patent OHSix will consider whether publication 
0r eommanivstlon of the invention should be prahibJted or restricted under Sectlan 22 of the Psttents Act J 977. You 
wiUhc intbrmed if ft ^neces^ry to prohibit or restrict your iitvcntioo ist this iv^y. RittbetmCft^ Ifyou liV^iathB 
United Kingdom, Section 2S of the Patents Act 1977 Stops you ll^m applying for a patmt abi'oati Without Sm ^ttb^ 
written pmnhsjon from die Patent Office uid^ Arir appiicaeioti iias been tded at least 6 weeiis beforehand io die 
United Kir^om for a pettsnt far the dtame inuendon anp eidierno direction prohibiting publication or 
cammuaic&dau has been jpveni, or AnySueh direcdon has been revoked. 



a) Ityou need h^p to fiti in this &irm or you imvea^y questions, fjease contact the P&ierd Office on (J8459 500505. 

b) Write your answers in t^pitai letters using black ink or you may type them, 

if there is not enough space ibr ail the relevant detail On any part oft/Us foroh piease continue on a separate 
sheet of paper and mite "see continuation sheet" In the reievant part(si}. Any continuation sheet should be 
atiadied tn thisfonn. 

d) If you have answered 'Ves' Patents Form 7/77 will need to be filed. 

e) Once you haveHiiedin the farm you must remenTber 10 Sign anddateltr 
0 Pordet^iiii of the fee and ways to pay please contact the Patent Office 



29/08 '03 FRI 12:34 FAX +32 2 722 2299 



IP LAW GROUP BRUSSELS 



@004 




PM2003-076 / 2003M091^GB 



1 



DUPtSCATE 



IMPROVEMENTS IN QR RELATING TO PLASTICISER 



5 



10 



IS 



20 



25 



(0001) The present invention relates to improvements in or relating to 
plasticisers axid in p&iticidat to phthalate ester plasticisers useful in polyvinyl 
chloride compositions. 

I00Q21 Hie prop^es and quality requiratnents for plasticisers depend upon 
the use to which the plasticiser is to bo put. One important property of a 
plasticiser is its electrical resistivityo particularly when it is to be used in electrical 
applications such as for wire and cable insulation. 

(00031 More specifically, the present invention relates to a pxxjcess for 
producing a high quality plasticiser ester suitable. For use with. polyvinyl chloride 
which is to be employed in a composition useful for wire and cable insuiation and 
for other electrical insulating materials. 

[0004] Plasticised polyvinyl chloride is widely used for insulation in the 
electric and electronic industries and these uses require a high-quality plasticiser 
ester. For example, a plasticiser having high volume resistivity is required in the 
electrical field. The resistivity of a plasticised polyvinyl chloride composition 
may be measured as the Pad Volume Resistivity (PVR), Many people in the 
industry also measure the resistivity of the plasticiser itself, which is known as the 
liquid volume resistivity (LVR) of a plasticiser. For several electrical 
applications, such as the electrical insulation of under-the-hood or under-the- 
dashboard electrical wire and cables in vdiicles, plasticisers are prefenred to have 
a high LVR, and a low amount of light ends, especially those compounds that 
contribute to odour and automotive int^or fog problems. The electrical 
equipment in vehicles is becoming more and more complex and sophisticated. 
Modem vdncles are becoming equipped with more and more sensors and 
electrically driven devices. Hie amount of wiring and cabling necessary fbt 
connecting these sensors and controlling and powering these devices continues to 
increase. Many of fliese connections are placed out of sight under the vehicle 
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upholstery and relatively close to the outer body, where there is little ventii^tioTi 
and temperatures are high due to engine heat or when the vehicle is exposed to 
suQshiite. 

S [0005] Plastidserfi should therefore have an acceptable odour, And should not 
cause fogging or the creation of a light scattering iBlrn on the innersidc of car 
windshields. They should also be resistaiit to ultra violet light. The plasticiser 
should contaiii a mmixnal amount of volattlcs or Ugiht ends to have a low odour 
level both during its processing and in its final ajiplication. 

10 

[0006] Plasticiser esters are typically made by esterificatton of C? to C13 
alcohols with acid or anhydride. The alcohols themselvn ace in many instances 
made by hydroformylation of olefins. The. process may involve olefin 
oligomerisation followed by hydroformylation:^' and. liydrogenadon»' or olefin 
15 hydiofoimylation followed by aldol condensation and hydrbgenation. The 
starling material for the production of di-2-cthyl-hcxyl phthalote is generally 
chemical grade propylene. However^ for other alcohols the starting materials are 
commonly mixtures of olefins* The hydiofonnylation, hydrogenation and 
condensation reactions arc all catalysed. Accordingly, in many of the steps of the 
20 processes complex reaction mixtures tend to be formed. The final alcohol 
therefore requires extensive purification to remove unreactcd raw materials^ 
undesirable byproducts and catalyst residues. Purification typically involves 
washing^ ruxQier hydrogc^ation or hydrofinishiiig and firactional distillatioa 
However, despite ri^rous purification, the purified alcohols invariably coAtain 
25 small amounts of impurities. 

100071 The plasticiser esters are then produced by reaction of the appropriate 
alcohol with an acid anhydride, firequcntly phthalic anhydride, trimellitic 
anhydride, or raaleic anhydride, or wiUi an acid Acids frequently used arc adipio 
30 acid, trimellitic acid, cyclohexanoic mono- and dibasic acida, benzoic acid, cilric 
acid and the like. The esterification is typically performed using am organo- 
metallic catalyst, particularly a titaniiun or tin based catalyst, but many other 
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esterificaiion catalysts like sulfuric acid, mefliyl sulfonic acid and paratoluoic 
sulfonic acid ard also Icoowa Aifler esterification the crude ester will contain 
conlaironants and requires purificadoa These contaminants may belons to the 
family of acidic resdues^ unreacted alcohol, catalyst rosiduest water and tfte 
5 contaminants that were already present in flie alcohol feed, most of Uiese bcang so- 
called monomeric components that are duted in the 97-calIed "light ends" rc^on 
of die plasticiser Gas Oiromatogratn or GC-spoctram. as discussed later. The 
crude esteis may also contain byproducts, such as alcohol (di-alkyi) ethers, 
benzoate esters, mono-esters from dibasic acids, alcohol oxo acid esters, 
10 hemiacctab and vinyl ethers (flieae eare so-called dimnic components and are 
often collectivBly called "ethers" or "niteraiediates'* due to. their elution in the 
plasticiser Gas Chroniatograni or GC-spectrum between the monomelic light ends 
and the "trimeric" diesters). Many of these dimeric nialarials,.a3 well as acetals 
: :r which are "trimeric" compoimds, may become hydrolysed during later stages in 
:1S the process to form odour formers such as aldehydes and/or other light ends. 

[00081 Purification involves contacting the crude eater with aqueous alkali. 
The addition of die alkali hydrolyses catalyst residues and neutralises any 
undesirable alkyl hydrogen phflialate tnono-Mter that may be present The 
products of diese hydrolysis and/or neutralisation reactions may show up eWier as 
solids or as dissolved in a separate firee water phase, possibly partially in one of 
the mentioned foams. The free water phase may then be removed, e.g. by flashing 
or distillation, and the amount of solids present may be increased. The neutralised 
ester is then typically contacted with a filter aid and filtered for the removal of 
salte such as the alkali salts of alkyl hydrogen phthalate mono-cstcrs, the 
hydroxide of the organo-metal catalyst such as titanium hydroxide, the oxide of 
the oigauo-metal catalyst such as titanium dioxide or tin oxide, and sodium (bi-) 
carbonate. The alkali is preferably sodium carbonate or In some mstances it may 
be sodium hydroxide, preferably in an aqueous form, and the Ixeatm^t with alkali 
may be followed by injection of carbon dioxide to conveat any lemmning «>dium 
hydroxide into water and sodium (hi-) caibonate. Finally, any excess alcohol and 
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water may be removed e.g. by flashing or stripping with a vapour^ e-g- with steam 
or nitrogen, or by a combination thereof. 

{00091 The series of reactiOTis involved in the production of plasticisers 
5 therefore Involves complex mixtures and catalysis giving rise to a number of 
byproduflts and impurities. Extensive purification is therefore required to produce 
plasticiser esters having the ptopcrti^s required for their various applications. The 
presence of the contaminants as discussed above can have adverse effects on the 
properties of the plastidser, in jMirticular on the liquid volume resistivity and the 
10 odour. In particular the light ends can contribute to the fbnnalion of a stronger 
odour of the plasticiser itself or of the final product comprising it. For hi^er 
molecular weight phthalates like di-nonylphthaJate (LNP), dt-isononylphfhalate 
(DINP), di-isodecylphthalate plDP), di-undecylphthal^e (DUPX 
V isoundcoylphthalate (DILfP), undecyl-dodecylphihalate (UDPX : and di- 
15 (iso)tridecylphthalate (DTDP), it has been found Uiat a high lievel of ethers cpr 
other intcamediates increases the contribution to fogging of the plasticiser. Tn 
particular the presence of the impurities has been found to lower the LVR of the 
plasticiser and can also reduce tihe stability of the plasticiser to ultra violet 11]^. 

20 [00101 There is a need to imptove the throughput of plastldser manufecturing 
&cilities so that larger vohanes of product may be produced in the same facility. 
We have, however, found that although the throughput can be increased^ the 
increase can result m a deterioration of the electrical propercies of the plasticiser 
as indicated by a reduction in the LVR of the plastlcisi^. In one aspect the present 

25 invention is concerned with overcoming this problem. 

1001 1] United States Patent 5,880,3 10 is concerned with producing plasticiser 
esters with high liquid volume resistivity as raeasared by Japanese Industry 
Standard JIS K-6751. United States Patent 5,880,310 obtains high volume 
30 resistivity of a plasticiser ester by blowing caibon dioxide into fhc crude cater that 
has been treated with sodium hydroxide, to convenrt residual alkali into a (bi-) 
carbonate, recovering any excess alcohol, typically by steam stripping, and then 



IP lAff GROUP BRUSSELS @008 
S 



subjecting the stripped ^iteoliol to a combinalion of line filtration, using a filter 
aid^ and adsorption treatment. Accordingly, the stripping is perfbnned in the 
presence of solids such as sodium carbonate which are then removed during the 
fine filtration. Stripping 'with 6team in the presence of alkali can cause hydrolysis 
5 of the ester, which would be expected to increase light ends. Furthennore^ 
stripping in the presence of solids is difficult to perfonn in a towear-like 
configuration due to ibuling or plugging of tqwer tntemals. 

[00121 Examples of filter aids th^^t may be used according to United States 
10 Patent 5,SSO,3lO are a filter aid produced from diatomaceous earth which is 
generally available on the market [for example^- Radiolitc (made by Showa 
Kagaku Kogyo K. K.) and Celite (made by Johns Manville Sales Coip.)]» and a 
filter aid produced fiom perlit© [for example, Topco PerJite (m^de by Showa 
=!r!Kagafcu KC K.):and Dicalit© Perlite (made by Dicalite Orient K. K.)]. At least . i 
45 20% oftlie filter aid must han^e a particle si^eofS micnms Or less. - ' v? 

[0013] Examples of adsoibenis that may be used according to United States 
Patent 5,880^310 are activated alumina, activated china clay, activated cazboa, 
magnesium oxide, aluminium oxide and silicon oxide. These may be used either 

20 singly or in combination. It is said that the amount of the adsorbent used should 
be between 0.1 and 1 % by weight based ott the weight of the crude ester. The 
Examples of United States Patent 5,880.310 show, however, thst the use of 
activated carbon as the adsorbent has no effect on the volume resistivity of the 
ester based on 2 ethylhexyl alcohol (sec Examples 1 to 13) or on the ester based 

25 on isononyl alcohol (see Examples 14 to 22). According to the patent, the 
adsorbents that improve the volume rcsisti\1ty when used in combination vdth ttie 
fine filter aid are Sdcado KW (alumina silica), activated alumina and magnesium 
oxide. 

30 10014] We have, however, fimnd that if the filter aid and/or the adsorbent is 
too strongly acidic the treatment results in an increase in the ligjit ends and ethers 
or intermediates, present in the plasticiser. The light ends and the Intemiodiates 
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present in the plasticiser ester may be determined by Gas ChroTnatography as 
described later. It is bcUcved th^it iljis increase in intermediates and light ends 
may be due to acid catalysed hydrolysis of certain impurities in the plastsciser 
ester. Furfhranore w© have found Hiat when such filter aids aad/or adsorbents 
5 that are too acidic are used there is a tendency for the treated pl^sticiser to have an 
uude$iTaiblc odour. We have also found that in a process wherein the crude ester 
is neutralised with sodium carbonate (as opposed to the sodium hydroxide 
neutralisation followed by Wowing with carbon dioxide of United States Patent 
5,880^10), Treatment of the crude ester with activated carbon results in a 
10 sigmficaat improvement in the liquid volume resistivity of the plasticiser ester. 
We have found that this is parttcularly the case with plasticisers derived from Co 
to Ci3 alcohols, especially Co to C13 phthalate diesters» the Cio to Cn phlhalate di- 
esters being particularly useful as plastidsers for polyvinyl cWoride employed in 
the production of compositions uselUl in electrical applications such as wfae and 
15 cable insulation. V iso-Cij phthalates are particularly useftil in environments of 
higlier temperature, such as mider-4h©-hood wiring and cabling of vehicles. 

f 00151 In addition we have found that there is a correlation between the extent 
to which the plasticiser has an undesirable odour, and the cOfntent of light ends and 
20 the carbonyl number of the plasticiser. 

[001 61 According to tfie present invention, there is provided a di-alkyl 
phthalate characterised by a caibonyl number below 0*2 mg KOH/g, a light ends 
content of less than 1000 ppm wt, and a liquid volume resistivity that is ; 
25 i) greater than 0.3 x lO'^ ohm.cm in the case where di-allcyl is di-2-efhyl 
hexyl; 

ii) greater than 0-6 x 10^^ ohm.cm in the case where di-alkyl is di-isononyl; 
and 

iii) greaterthan L3S x 10*^ ohm.cm in the case where di-alkyi is di-is6decyl- 

30 

[0017] In one embodiment^ the invention provides di-2-ethyl-hexyl phthalate 
having: 
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i) a LVR grealef than 0.3 x 10^^ ohtn.om 

iii) a proportion of Kght ends less than 1000 ppm wt and 

iii) a carbonyl number below 0.2 mg KQH/g. 

5 

[0018] Preferably the LVR of the di-2-ethyl.hcxyl phfhalate is greater than 
0-5, more preferably greater than 0.8, especially greater than l.O and particularly 
preferred to be greater Umi l.l (x 10^^ ohm.ciii). 

10 [0019] In another einbodiment the invention provides di^sononyl phifaalate 
having: 

i) a LVR greater tiian 0,6 x 1 0^^ ohin.cm 

ii) . • a proportion df light^ends^less than 1000 ppm wt and 
15 iii) acarfaonyl number below 0.2xngKOH/g. 

10D20J Preferably the LVR of the di-isononyl phthalate is greater than 0.7, 
more preferably greater than 1.0, especially greater than 1,5 and particularly 
preferred to be greater than 2.0 (x lO'^ ohm.cm)* 



[00211 In yet another embodiment the invention provides a di-isodecyl 
phthalate having: 

i) a LVR greater than 135 x 10^^ ohm,cm 
25 ii) a proportion of light ends less than 1 000 ppm wt and 
iii) a carbonyl number below 0.2 mg KOH/g. 

[00221 ^Preferably the LVR of the di-isodecyl phthalate is greater than L4, 
more praf^sibly greater than 2«0» especially greater ttian 2.5 and particularly 
30 preferred to be greater thm 3.0 (x 10^^ ohmxm) 



20 
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[0023] The above phthalates are products that have not liithcrto been kpown 
or att^iuable in the commercial field of phthalate plasticiser production. 

[0024] If tbfi Carbonyl Number is above 0.2 it is believed this win h3.ve atj 
5 imdesirable effect on odoiur no matter what the light ends content. Preferably the 
C^bonyl Number is well below 0.2, e.g. O.l or below, and most preferably 
approaching zero, 

10025] The phthalate esters preferably have a light ends OOntemt below 600 
10 ppm, more preferably below 500 ppm. It is also independently preferred that the 
esters have a level of intermediates below 750 ppm, more preferably below 500 
ppm- Prefembly the cstm have a combined light ends and intermediates content 
below 1000 ppm. All the ppm values .expressed hcrem are by .wet^t The basis 
for the ppm wt values. giYemisjrtheStotel 5%eight of the phthalate ester and the 
IS contaminants (light ends and/or intermediates) to which Uie ppm v^lue relates. 

]0026] The terms "light ends" and' "intermediates" are well understood by 
those skilled m the ait, and refer to groups of peaks in the Gas Chiomalograph 
spectrum of a "target esta:" that are quite distinct finora each othejr and from the 

20 peak{s) corrr^ponding to the target ester itself. 

The light ends are represented by the group of peaks showig in the region where 
th£5 parent alcohols of the ester elute. The target ester is represented by the peak 
or peaks characteristic of the target ester, including any smaller peaks that may be 
showing on the shoulder of the main peak or peakSw The intermediates axe 

25 represented by the group of peaks in the region between those of the light ends 
and the target esten 

[0027] To facilitate calculation of the amounts of light ends and intemiediates 
in a product sample, we choose to mcoiporate an internal standard, mid have 
30 selected n-hexadecane as such internal standard. Tt conveniently delineates the 
ligiit ends (or "monommc") peak region from the iyitennediates (or "dimeric") 
region and permits accurate quantification of levels of light ends and 
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intermediates. This convenience applies ta ino^t of flie commercially importaot 
phthalatc ester plasticisa" spectra. For signifScaiitly lower or higher molecnlar 
wei^t phthalates than DIDP, a difiereut internal standard may be used for 
convenience if needed. However, for all molecular weight plasticizer e$ter$ that 

5 are the subject of the invention, the distinctions between the lig^t en^» the 
intermediates and the target ester are clear. In accordance with our studies, only 
those phthalate esters produced from parent alcohol mixtures that comprise 
alcohols with widely different molecular weights. c.g. a mix of C4 and C5 
alcohols used to produce butyl octyl phthalate as target esten run the risk of losing 

10 this distinction in the GC spectrum, and hence this ready distinction between light 
ends and intermediates. Such products arc» however, not within the sccpe or the 
invention. 

[0028] In a further embodiment ^ the iinven^on pfovides a proceiss for llie 
15 production of plasticiser esters comprising: • , 

(i) esteriiying an acid or an anhydride with an alcohol containing from 6 
to 13 carbon atoms^, to form a crude ester; 

(ii) treating the cmde ester with a base, to form a treated ester; 

(iii) filtering the treated ester to separate a liquid product; 
20 (iv) stripping Ijie liquid product to form a stripped material; 

(v) . treating the stripped material with an adsorbent; and 

(vi) filtering the product of step (v), optionally in the presence of a filter 
aid, to remove the adsorbent from the plasticiser ester. 

25 [0029] In a ftirther embodmient the present invention incovides a method for 
purifying a plasticiser ester which comprises forming a mixture of the ester and an 
adsorbent having a pH in flie range of 6 to 11, and subsequently filtering the 
mixture. 

30 I0030J The pH is measured by preparing a slurry of 30 grams of the treating 
agent in 300 grams of deionised water and mixing for 1^ minute at taam 
temperature. The wat(^ was ddonised iwing revere osmosis fbllowed by 
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polishing with an ion exdiange resin and an OH" ion eKchange resin, to a 
conductivity in the range 8 to U microSicanens per cm. The mixture is theii 
fiftered twice with two Macher^ & Nagel MN 616 filter papers. The pH of the 
filtrate is then deteimined using a Metrohni 691 pH meter with a Metrohm 6-0202 
5 100 electrode that has hccn calibrated v^ith bufS^ solirdons of pH 4.00; 7.00 and 
10.00, 

[0031] In a preferred embodiment of the method the adsorbent comprises 
activated caxbon and the mixture also comprises a filter aid having a pH in the 
JO range 6 to 1 1. The pH of the filter aid is also measuring usmg a 10 wt % slurry of 
the filter aid in deionised water, as described for ihe adaotbent. 

[0032] In yet another aspect, the present invention provides the use of a 
•^-i^'. ^. . mixture of activated carbon and a filter aid in^<he^|>unlicaficm b;^fiUtation of a 

IS plasticiser ester, said activated carbon and filter aid^i^ach having a pH in the range 
6toll. 

[0033] Another important property of the plasticiser is that it ha$ optical 
clarity and this can be affected by the presence of impurities which can cause the 

20 plasticiser to become hazy over time. We have found that one cause of haitfe can 
be the fomMlion of salts of acids present during catalyst neutralisation widi alkali. 
For example sodium hydrogen phthalate can be formed as a result of the 
neutralisation of a phthalate ester containing small amounts of phthalic acid with 
sodium carbonate or bicarbonate or sodium hydroxide:, or from the liydrolysis of 

2S the mono^ter or of its salt These compounds^ being polar and capable of 
dissociating into ionic species, can also lead to a reduction in the LVR of the 
plasticiser. We have found that the purification process of the present invention 
can thereftire also reduce the likelihood of the plasticiser &nning ha^e during 
longer tenn storage. 

30 

10034] The acid or anhydride employed in the process of the invention is 
preferably organic. Examples of the organic acid or its anhydride that may b^ used 
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in the estcaification reaction include arOTAatic monocarboxylic acids typified by 
benzoic acid, and folic acid; polybasic aromatic carboxyKc acids or anhydrides 
th^of, such as phthalic acid, phtfaaUc anliydride, isophfhalio acid, terephthalic 
acid, trimesic acid, triniellitic acid, trimollitio anhydride, pyromellilic acid» 

S pyromellitic anhydride, benzophenonetetracarboxylic acid and benzo- 
phaaonetetracarboxylio anhydride; polybasic aliphatic carboxylic adds 9uch as 
adipic acidy sebacic acid and azelaic acid and citric Bcid; polybasic unsaturated 
aliphatic carboxylic acids such as maleic acid and furnaric acid; and aliphatic 
monocaiboxylic acids such as oleic acid and stearic acid. The vadous phthalic 

10 adds or anhydrides are preferred. 

[00351 ExaiTiples of flie alcohol that may be used in the esterification reaction 
include saturated monoliydric aliphatic alcohols such as methanol, ethanol, 
propanoic isopxopanol^ butanol» isobutanol, sec-biitanol, noTrinial. .^d isd^rpentanol, 
normal- and iso-hexanol, normal- and tso-heptanoU nonnal!^ and iso-wtanol, 2- 
ethylhexanol, normal- and Iso-nonyl alcohol, noraial- and isc-dec^ol, 2-propyl 
heptanol, normal- and iso-undecanol or -dodecanol and uonnal* and iso- 
tridecanol; and polyhydric aliphatic alcohols such as ethylene glycol, propylene 
glycol and their dimers, trimers and tetramers. The alcohols may also be used in 
combination as required. Ce to C13 alcohols aie preferably employed and the C« to 
Cm alcohols, especially the C\o and Cu alcohols arc preferred especially in the 
production of pJastidser esters that are used in polyvinyl chloride compositions 
that are used in electrical applications such as wire and cable coating, 

25 [00361 The esterification reaction preferably employs an organic metal 
compound catalyst. Examples include an alkyl titanate such as tetra-isopropyl 
titanate, teha-n-butyl titanate or tetia-iso-octyl titanate, or an organic tin 
compound such as tin oxalate^ tin octanoate or tin maleate that exhibit a catalytic 
activity at an esterification reactiot^ temperature. 

30 

10037] In one embodiment of the process, tibe esterificatiozi leaction is 
conducted by adding an alcohol to an organic acid or its anhydride, and reacting 



^vi:: i IS 
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the mixture, preferably at from iSO^'C to 220°C and prefisrably fox from 1 to 4 
houts, in the piB^ence of an organic metal compound catalyst in an inert gas 
atmosphere while removing water formed. The reaction time is preferably at the 
lower end of the range, e.g. from 1.5 to 2 hours, and optimally even less tiian 1.5 
5 hours. A base and water, preferably in the form of an aqueous base, is added to 
tJie tKidting reaction solution to neutralise any unxaacted acid and/or mono-est^ 
and to liydrolyse the catalyst. It is ateo preferred to remove any free water after 
the crude ester has been treated with the base and before filtration, particularly If 
the treatment has been with aqueous base. Preferred bas^ include alkali metal 
10 salts, particularly sodium salts, hlce sodium carbonate, and alkali metal 
hydroxides, lite sodium hydroxide, e.g, aqueous sodium hydroxide. Any excess 
alcohol is recovered typically by stripping (wluch advantageously removes 
alcohol, water and other li^t materials) and the resulting est^ product is then 
^v}:*- ri i. .4*4' > paxifiedtoobtatfiaplasticiser. . -• •.•..•;•* ^. -v 

[00381 Unlike WO 94717028 which suggests that during their purification 
plasticiser esters may be subjected to* a final filtration to remove solids, the 
piuification to produce the esters of the purity of the present invention involves 
use of an adsorbent which removes at least some of the light ends and/or 
20 intemiediates but does not catalyse the hydrolysis of byproducts to produce light 
ends and undesirable odour to any great extent. This treatment with adsorbent is 
then followed by filtration in the presence of a filter aid to remove the adsorbent. 
In one embodiment the adsorbent is also the filter aid. That is, a single material is 
employed to treat the stripped material and this also facilitates the final fiUralion 
25 step. Tn a preferred embodiment the invention involves the addition to the 
plasticiser ester of a combination of a filter aid and an adsoibent, in this instance 
the filter aid may also have an adsorbing effect. The purification is typically 
accomplished by the addition of the adsorbent and the filter aid (where the 
adsorbent is not also the fitter aid) to the plasticiser ester in a stirred drum from 
30 which the plasticiser containing the adsorbent and optionally the (different) filter 
aid is passed to the filter, preferably a candle filter optionally equipped with a 
filter cloth which may be pxecoated with a suitable precoating material like e.g. 
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wood flour or perlite^ wliere the ddsorbeat and optionally the filter aid 9re retj^ned 
on the filter and the purified ester is obtained the filtrate. As mentioned^ in 
some instances the 9d$orbent will also act as a filter aid. 

5 f 00391 We have found that the conrect selection of the adsorbent and, where 
used, the filter aid, and the purification conditions are important in achieving the 
purification necessary to obtain the desired high LVR and to avoid the foimation 
of undesirable light ends, odour fbnxners and undesirable carbonyi containing 
compounds. We have found that; in addition, when eniplo3rmg the invention, the 

10 tendency of the plasdciser to foxm haze is reduced. One important criterion is the 
pH of the filter aid and the adsorbent. We have found that the pH of both 
materials should be between 6 and 11,. preferably between 6 and 9 more 
. . prefer;9ibly between 6.5 and 8,5 as measured on a 5 - 20 wt%, preferably 10 wt % 

! / ;Slurfy.of thejmaterials in dionised water. Theparticl© size of the filtet aids when ^ v> ^ 

15 used, also contributes to performance results. Generally the snialler the particle.^ - 
size the better. Other criteria that have to be taken into account include the 
particle size distribution, internal surface area, pore sise and. pore volume of the 
adsorbent. 

20 [0040] The time of the treatment, the temperature at which the treatment is 
effected ^d the degree of stirring have also been founds within the scope of the 
invention, to have an effect on the extent of purification. 

10041) Examples of materials that have been found to be useful as both filter 
25 aids and adsorbents include bleaching earths, bentonited or activated clays, 
comprising atlapulgite or Fliller's Earth, montmorillonite, kaoHnite and muskovite 
minerals. Some of the clay properties that may impact on perfomiance include 
mineralogy, particle size distribution, sinface acidity and degree of heat 
activation. Heat activation determines the surface area, pore volume, rhoisture 
30 content, and cation exchange capacity. Examples of products are Engelhard 
Altaaofb® Attapulgite, Pure-Plo® BSC Natural and Pure-Flo® M85/20 bofli of 
Oil-Dry Corporation of America, TONSIL 3191FF (Stid-Cbemie AO), 
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VOLCANSIL RM-70 md VOLCANSEL D.E./U (both of Beulonitas Especiales. 
SA.) and frieTON firieBE. In particular, we prefer to use the product fiiieBE, 
mamifectured from Friedland clay by Friedlinder Ton-IndustriegesBllschaft nibH 
in Getmany, which has the following typical composition and properties. 

5 

[0042] Typical chemical composition (weight): 



10 





59.0% 


MgO 


2.1 % 




1&.5 % 


CuO 


0.5 % 




6.9% 


MaiO 


0.9% 


TiOa 


1.0% 




,3.1 % 



[00431 Typical mineralogical compositLon (weight): 
. \X ' ' ■■ *. ' jo^r ir- 
is -50% swelling mixed- layer uiineral 
12% kaolinite 
12 % tnuscovitc 
20 % cpiartz 
<6 % feldspar* carbonates 

20 

[0044] Typical grain size distribution: 



>7S%<40#an 



25 Water content: approx 5 % wt 

pH: 8.3 

Surface area: 1 83 m^/g 

Pore volume: 0.30 (craVg, as measured by N:^ - adsorption) 



30 [0045] We prefer to use activated carbon as an adsorbent and we prefer to use 
the material that is commercially available as Norit SA 4G which is a steam 
activated carbon having the following typical properties. Alternative grades are 
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Norit SA 4 PAH and SA 4 PAH-HF, which are similar activated carbons but 
difTering in filtration properties. 



Molasses number (ECGR) 
5 M^ylene blue adsoiption 
Iodine nionber (ASTM D4607) 
Total sur&ce area CB.E.T.) 
Moisture (as packed) 
% 

10 Ash content 

Chloride (acid extr) 
pH 

Apparent density (tamped) 
Particle size D|o 
15 Particle size D50 • * -v't - 

Particle size D90 



20 



25 



525 
11 
700 
800 

2 



max 580 
g^lOOg 

mg lodine/g caibon 



mass**% 



max 10 mass 



S mass - % 
0,04 ma$$ - % 
. aJkaltne 
545 , kg/)Ti^ 
4' )xm 
32 • p.nt 
180 )im 



We measured the pH of Norit SA 4G to be around 10, using deionised water with 
apH of 5-6. 



[0046) We prefer to use from 0.01 to 10 wt %, for example from 0*01 to 5 wt 
%, of the adsorbent or the combination of the adsorbent and the filter aid based on 
the weight of the plasticiser ^ter to be purifiod* More preferably we use firom 
0.02 to 2 wt % most preferably 0.03 to 1 wt % and in paxticuJar 0-04 tp 03 wi %. 
In embodiments where the filter aid and the activated carbon are different 
materials, these may be separately added to the ester m steps (v) and (vi) of the 
process. However, wc prefer to add both materials at stop (v), prtferably as 
mfacture. In this case the mixture preferably contains JSrom 70 to 30 parts by 
weight of the filter aid and ftom 30 to 70 pe^rts -by weight of the adsorbem. More 
30 preferably the mixture contains from 60 to 40 parts by weight of the filter aid and 
from 40 to 60 parts by weight of the absorbent. Our most prefeired mixture 
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contaiDS from 45 to 55 parts by weight of the adsorbent and correspondingly from 
55 to 4S parts by weight of filter aid. 

[0047] We have found that use of the mixture has the additional benefit tiiat it 
5 improves the stabiUty of the plasticiser to ultra violet light, which is pjirticularly 
knpoitant for plastidsers that ar« used in polyvinyl chloride foimulations that arc 
to provide electrical inauladon in areas that are heavily exposed to dayli^t and 
pnrticulady to dkect sunlight Low concentrations of light ends and odovir 
faanei« ai« also Important -when the products are to be used in a fsgnfinisd space 
10 such as a space cs^sule, an aeroplane or truck cabin, a car interior or a green 
honsa When a mixture is used the filter aid and the adsorbent (when difTbrenl) 
may be added separaLely to the plasticisa ester although we pralisr that ihey be 
added as a mixture as this enables die use of a single iqjedion position in the 
purification vessel. 

15 

{0048] The adsoibmt and/or the filter aid are preferaibly added continuously to 
the plasticisa- flowing through a stiired vessel which is optionally provided with 
bafQes to enhance mixing. 

20 (0049) The preferred treatment with adsorbent depends upon Ae nature of the 
plasticiser ester and flic nature of the adsorbent and/or the filtw aid. However, we 
prefer that the treatment be performed at a temperature in the range 20 to 180'C» 
more preferably 50 to ISCC, most preferably 80 to 120''C e,s. 80 to 1 IS'^C wX m 
particular 90 or 100 to 110°C. In paiticular we have Ibund that a temperature in 

25 the range 80 to 120^C e.g. 80 to 1 15'C is especially useful in the tiealment of Cg 
to Ci3 dlalkyl phthalates. It is prefeiied that the treatment be a continuous process 
with the plasticiser having a residence time of at least one hour» for example from 
one to ei^t hours, pr^<»ably from one to two hours in the treatment drom. 

30 10050] The invention is illustrated by reference to the following Examples, all 
the tests in which were performed on stripped plasticiser that was produced 
according to steps (i) to (iv) of the process of the invention. 
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[00511 The LVR values were m^ured whli a Pilot cell for liquid insulating 
matCT^$ Type 2905 from Tette^c Xdstruments and using a Hewlett Packsn^d High 
Resistance m^t^v HP 4329A. The cell and tihe samples to be Tneasured were 

5 stored overnight in the room where the measoremnt took place, and which had a 
ecmtrallcd atmosphere, so that samples and cell had the same temperature. To 
cany out the measurement the ceil was rinsed at least twice with the product to be 
measured, and then filled again. The cell was then charged with a DC tension of 
500V for 120 seconds after which the resistivity was measured* A thermometer 

10 was inserted into the sample bottle to determine the plasticiser tempemture with 
an accuracy of +A 0. 1 The cell was then discharged, entptied and refilled for a 
second measurement. If the two measuremente were not close, i.e. within 10% of 
each other, it was assumed that the cell was not yet sufEciently clean. The 
pTocedure was then repeated imtil succ^sive measwreraents come out close. The 

15 measured value then becomes the average of the last Few measurements that were 
sufficiently close. Because the LVR is highly temperature dependent (the lower 
the temperature, the higher the LVR), the results were reported at a standard 
temperature, the reported value being obtained by recalculating the measured 
value to a standard temperature of 20.0^ by applying the following correction 

20 formula: 

Reported value at 20^*0 = measured vahje at T°C * { (1 .05) exp (T - 20.0) } 

(0052] The carbonyl numbers were determined by reaction of the caibonyl 
25 functions in the sample with hydroxylammoniumchloride to form an oxlme, 
followed by the potentiometric titration of the liberated hydrochloric acid with an 
alcoholic solution of tetra-n-butyl ammonium hydroxide, a method that is based 
on ISO 1 S43« Hie detailed pn>cedure was as follows: 

30 [0053] A hydroxylamnmiuunichloride solution was prepared by dissolving 
20.00 g of hydroxylanmioniumchoride [Merck 4616] into 100 g of distilled water 
and further diluted with ethanol p.a. grade [Merck 983] to a volume of 1000.0 ml. 
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A sample of about 30 grams of plasticiser was woigjied, with an accuracy of +/- 
0.1 mg, into a flat bottoin flask containing 10.00 ml of this 
hydroxylammoniuTnchlOTide solution. Also, a blank flask wu5 prepared 
containing only 1 0.00 ml of hydroxylamniotiiumcbloride solution. Then 25 ml of 

5 a solution made of 200 ml distilled water and SOO ml ethanol p.a. grade was added 
to each flat bottom flask- Reflux cooleis were connected to each flask and the 
solution was boiled for a total lime of 45 minutes, inchiding heating up time. 
With tlie reflux cooler connected and die flask removed Crom the heating mantle, 
the flasks were allowed to cool for IS minutes. Each reflux cooler was iiten 

10 rinsed wifh 1 0 ml of isAhanol p.a* into the flask, and the content of fhe flasks was 
then quantitatively transferred into 250 ml plastic .beakers» using ethanol p.a. for 
rinsing and for topping up to a total volume.of 100 ml. The content of the plastic 
beakers was then submitted to potentiometric titration with a O.IOOO N solution of 
tctra-n-butylammonium hydroxide , (TBAH) in.^..2rp??c{pa50l/met^^ [Mack 

15 9162]. For this purpose we used a Metrohm titroprocessor;.$70 equipped with a 
Metrolim sample changer 674 and a Metrohm Dosimat 66S with a 20.00 ml 
burette. As electrodes we used a Metrohm Platinum electrode 6.0302.110, a 
Metrolim Ag/AgCl i^erence electrode 6.0729.110 and a Metrohm s^arate pH 
glass electrode 6.0130.100. 

20 

[0054) The titrated volumes <in ml) of TBAH VI and VO were established at 
flie inflection points of the titration of respectively the sample and of the blank, if 
any for the latter. The carbonyl number, expressed in nig KOH/g of the sample 
was then calculated as: 

25 

(VI -VO)* 56.1 0.1000 N 

Carbonyl Number — — — ^-^^^ 

Sample weight in gram 

30 [005S1 The light ends and intermediates content were measured by Gas 
Chromatography as follows: about 3 g of plasticiser sample^ measured with 0,1 
mg accuracy, was placed into a 10 ml vial and, using a 10 GC syringe^ 5.0 jil of 



29/03 
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n-Cl6 liydiDcarbon was added m an intexnal standard (density: 0.773). The vial 
was then closed with a snapcap. The mixtut^ m the vial was then shaken 
vigorovsly to homogenize it, while contact was avoided between die liquid ia fhe 
vial and the septum of the snapcap. The concentration of internal standard is then 
5 the weight of the added standard (3.865 tng) divided by Ihe weight of the 
plasticizer samptet 

[0056] . The analytical instrument used was a HP6890 Series 
gaschromatograph with direct injection- Tlie column was a HP-1 (crosslinfced 
10 methyl silicone gum, internal diameter 0.53 mm, length 30 m and a film thickness 
of 0.88 ixm). The conditions for the analytical test were as follows: 

Oven temp : programmed to ramp up from 1 00*^.0 to 320*'C at a rate of 8 
^^i'-f degrees C/min, where it then is kept for anodiier 25 ininutes. 

ti- 0 Injector: Temp: 300°C • * 

Pressure : 77.2 kPa gauge (1 1.2 psig) heliinn atmosphere 
Carrier gas: Helium, flow controlled at 14 ml/min (at 100°C) 
FID Detector: Temp: 320^*0 

Hi flow: 35 ml/nain 
20 Airflow: 350 ml/min 

Make up gas to the detector (helium): 1 1 ml/rain (at lOO^^C) 
Sample size: 0.1-^0.2 \il 

[0057) Figure 2 shows a typical DIDP GC speclrum having a horizontal axis 
25 T indicating time in minutes (span 27 minutes); and a vertical axis "R mdicating 
response in mitlivolts (span 2S0 mv). The spectrum shows^ besides the plasticiser 
fingeiprint itself (indicated as C) and the normal hexadocane (C16) internal 
standard peak (indicated as D)« two more grotips of peaks: 

the iiglit ends aie shown by a group of peaks eluting before the C16 standard 
30 (and thus with a retention time of less than 8 min). They comprise olefins, 

paraffins., aldehydes, alcohols. fomiateS:> phthalide and phthalic acid, and are 
marked as A on Figure 2 
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the intermediates are shown by a group of peaks elutiiig between the n-Cl6 
internal standard peak and the peak of the plasticiser ester itself (retention 
time above 8 min but below that of the plasticis&r). They comprise dialkyl 
ethers, hemicacetal^ bcnzoates and other estm» and other materially and are 
marked as B on Figure 2 



The concentration of fbc ligixt ends is obtained firom the spectrum according to the 
{bllowing equation: 



in which "wippm Ci5" is the concentradoaof the normal hexadecane standard in 
the sample, expressed in ppm weight, "area light .ends" is the ^um* of the aie^ of 



,.r .o. i.. ^Ais all the peaks making up the li^t ends con^ponents in region indicate as A of 



15 Figure 2, and ^'area Cio" is the area of the normal he^adepane inlemal staatdard ; 
peak in the GC spectrum* 

f D05S1 The concentration of the intennediates is obtained in a similar way by 
the integration of the area under the peaks in the region indicated as B in Figure 2. 

20 

[00591 EXAMPLE 1 

The products as indicated in Table 1 were placed in a glass beaker with ^ 
25 magnetic stirrer and heated to lOO^C while stirring. When that temperature was 
reached, the treating agent or mixture as indicated in Table 1 was added into the 
beaker. The amount of treating agent or mixture used was always about 5% by 
weight relative to the amount of liquid in the beaker. After one minute, the 
treatment time as indicated in Table 1 was started. After the treatment, the stirring 
30 was stopped and the content of the beaker was filtered irnxnediately. The samples 
were filtered twice, each time using 2 layers of filter paper (Machery & Nagel MN 



area light ends x w^pm Ci6 



light onds ppm 



10 



area Ck, 
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61 6) placed in a Bachtier funnel. The .filtration was assisted by pulling vacuum on 
the jfilter Qask on wliich tlie filter fiinnel was placed. 

Hie filtered samples weare then stored in glass bottles and allowed to cool to room 
5 temp€»:atiire. The LVR-value was meaaured the following day. GC and Odour 

tests were also carried out The results arc siumnarized in Table 1 . 

The cxp^iments were perfomned in three groups. The same starting noaterial 

used for all the experioaents in each group, and the properties of that stazting 
. material is shown in the Erst line of each groiq> in Table 1 ("Treating Agent or 
10 Mixture" mdicated as '*None")- In the final column of Table 1, the combined 

wtppm of the light ends and inteimediates is designated as "Total JLigJits". 

In Table 1: ^ 

/•v . :?TiefJNoritusedwasNarit SA4^^ ■ , t:^i>^ 

151 • The compositions of both the ftieBE and the Norit S A 4 G were as described . ;^ v - 

hereinbefore. 

- Tonsil 314 is Tonsil standard 314 FF hi^ly active bleaching eartli, a clay 
marketed by Siid-'Chemie AG and made by acid activation of natural calcium 
bentonite« 

20 - Ton 02/B is Galleon Eartli, an acid activated clay available from Ashapwa 
Volclay Limited and made by treating high purity montmorillonite clay 
(bentonite) with sulphuric acid. 

- DINP ^ di-isononyl phthalate. 

- DOP = di-octyl phthalate (where di-octyl is di-2-ethyIhexyl). 
25 - Odour designations are: 

- *=• no odour 
+ = slight odour 
4-h « strong odour 
+++ = very stnDng odour 
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The results reported in Table 1 show that a treatm^t -with clay alone (frie'BB, Ton 
02/B, Tonsil 314) while improving the LVR, also cause the development of 
odour, which is associated with an increase In light ^ds concentration and/or an 
increase in the caxbonyl number. A treatment with active carbon alone (Norit) 
improves LVR without showing those drawbacks. It can even show a reduction in 
light ends and/or carbonyt number, however it may be less cost effective and 
somewhat difficult to filter. A mixture of active carbon with clay as a filter aid 
(frieBE/Norit) is easier to filter and gives much unproved LVR- The 90/10 ratio 
clay/active carbon mixture gave a product with a slight odour; the SQ/50 ratio 
mixtures gave an odouz^free produoL 

[00601 EXAMPLE 2 

Various samples of dWsodecyl phtltalate (DTDP) were treated v/ifh 0^ %wt of a 
specific treating agent or mixture for 1 hour m the vessel shown m Figme 1. The 
vessel is a vertical cyHnder 1 with a diameter D of 300 mm and a height Hv of 
400 mm. Inside the vessel, four baffles 2 each 25 mm wide are positioned every 
90 degrees aroimd the vertical wall of the vessel, perpendicular to the wall and 
leaving a 5 mm gap fixnn the inner wall of the vesseL The baffles have a height 
Hb of 300 mm* The height of the liquid Hl used was always 295 mm, so the liquid 
volume in the vessel was typically 20.85 Ktr^. 

An impeller 3 of type A3t0 (as supplied by LIGHTNIN) is provided for stirring 
the content of the vesseL It is positioned along the vessel axis at a heiglit above 
the vessel bottom of C = D/4 = 75 mm. The motor for driving the impeller was a 
Heidolph Type 743.00, with 30 W power. The impeller speed as measured wa$ 
a2X>und 335 rpm. 

The vessel is equipped with tliree electrical heating jackets^ and the temperature is 
controHed via a control box. The vessel has a comiection 4 for inlet of blanketing 
nitrogen, a ^unnpUng line S, and a drain connection 6 fbrdraimng the vesseL 
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The vessel was filled wifli the stripped DIDP and a constant flow of mtrpgen was 
established for blanketing. Stilling was established at a speed of 335 rpm. The 
vessel content was then heated to lOS^'C, after which tine treating agent or mixture 
5 as indicated m Taible 2 was added to the vessel. One minute later, the treatment 
time was started. Samples were taken after one hour and filtered immediately, as 
described in Example !• Again the filtered samples were stored in glass bottles 
and allowed to cool to room temperature. The LVR was measured the following 
day. Also GC runs were carried out on the samples. The results arc summarized 
10 in Tables 2a and 2b. 

In Tables 2a and 2b, the materials that are also reported in Tabic 1 are as 
described in the discussion of Table 1, Of those, materials reported for the first 
tune in Tables 2a and 2b: . » 

13 - Tonsil 412 JPF and Tonsil 4121 FF are highly active bleaching earths 
from Sad-Chemie AG, made by acid acdvation of calcium bentonlte 
followed by blending with, respectively, 5 wt.% and 10 wt.% activated 
carbon. 

- Norit is Norit S A4G, as pnfcvioasly described. 

20 - Bent Actigel is a bleaching agent that is a mixture of add activated 
bentaiiite with activated carbon, available firom BENSAN Activated 
Bentonitc Company. 

- Suprefast FF EX is a bleaching agant that is an acid activated bentonitc, 
available from BENSAN Activated Bentonite Company. 

25 - Norit S A 4 PAH is a steam activated oarbon powder developed for bleaching 
of edible oils and fats. Tt is especially siutable for removal of polycyclic 
aromatic hydrocarbons (PAH) from oils sucli as coconut and sunflower oiL 

- Tonsil 3191 FFo marketed by Sud-Oiemie AG, is a naturally active bleaching 
earth, made by treatment of calcium bentonite by a. proprietary method. The 

30 main constituent of bentonite is the mineral montmorillonite, an aluminium 
hydxosDicate in which the proportion of silicic acid to alumina is about 4:1. 
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- Volcansil RN-70 and Volcansil D.E,/1 1 are hydrated alumino-magaeBium 
silicatea, also called alumino-magnesium silicates or Pullec^s Earth, «Lv{iil&bIe 
from BENES A, Bentcnitas Especiales. S A. Hie raaterials ara de^fined as 
calcium bentonitcs and are clays that are not acid activated. The two matcrialB 

5 have similar physico-chemical properties, and differ primarily in terms o r 

particle size distribution. Their main comTUWJial uses are in the treatment of 
olive oils, wines and beers. 

- The Light Enda/Tntermcdiatcs columns marked ** in Tables 2a 2b 
list "li^t ends" content first, then "intermediates" content (each 

10 measured from the GC spcctrom analysis)^ and then the sum of tb^e iwo 
is shown as a sub-total. 

- The caibonyl numbers of the initial DIDPs and of the DIDPs treated 
with neutral or alkaline agents showed little Vjariation; all were belOw 
0-2 mg KOH/g and most were close to zero* By way of example^ the 

15 carbonyl nurabsrs of the DIDP treated using'^e final ifour treating 
agents/mixtures shown in Table 2b were as set out in Table 3. 
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Tsible 2a 



Treating Agent 
or Mixture 

i 


pH 
as measured 
m fbc solid] 


LVR 
Ohm.cm(xlO^^) 


Light Ends 1 
Intermediates 1 
wt ppm ♦* 1 






Treated 

i 


ncreasB 


Initial 1 


Treated 1 


Tnnsil 41 21 "FF 


4.0 


U.7o 


1 ^1 






49(y 1 












600 


458 1 












1056 


948 1 


Tonsil 412 FF 


u - 




/ n 'M 






64S 1 


























1056 


1072 1 


NORTT active carbon 


10.7 


0.48 


2.19 


355 


456 


289 1 












600 


545 1 












1056 


834 1 


BcditActi^(20% 


4.3 


0,48 


1.42 


196 


456 


sss 1 


caxbon) 










600 














1056 


970 1 


SuprefastFFBX 


4.0 




0.83 


37 


375 


430 1 














435 1 












911 


865 j 
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Table 2b 



Tieating Ag^it 
or Mixture 


PH 

[as measunzd 
on €iic solid] 


LVR 
Olim.cm(xl0") 


light Ends 
InteraiodiatBs 
wtppin ** 


Initial 




Vo 

increase 


iniTia.1 


ifeaicd 






0.75 


2.25 


201 


363 


560 


10%NoritSA4G 












.^22 












993 


1182 


90% Tonsil 314. FF 




0.75 


2.72 


264 


363 


320 


10% Norit SA4?AH 




• 






630 


576 












^993 


896 


50% ftieR^^ 


If! 1 


0.82 


3.06 


289 


363 


302 


50% Norit SA 4G 










630 


616 












993 


918 


Tonsil 3191 FF 


7 8 


0.36 


0.79 


116 


681 


850 












813 


620 












1494 


1470 


Volcansil RN-70 


7^ 


033 


1.39 


327 


681 


877 












m. 


628 












1494 


1505 


VolcaiisilD.£./ll 




033 


0.77 


136 


681 


713 












.813 


688 












1494 


1401 
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Table 3 



Treaimg Agent or Mixture 


Caibonyl Number of DTDP 1 
(nigKOH/g) 




0.00 


frieBE/Norii SA AQ (50/50) 


0.00 






Untreated 


0.09 


Tonsil 3191 FF 


0.09 


VolcansilKN-70 


0.09 


Volcan8UD.E./ll 


0.08 



The results reported in Tables 2a, 2b and 3 show that treatment with clays that 
have an acidic pH (Tonsil 41 21 FF and 412 FF* Suprefast FF EX) give only 

?5 Viriode):^teLVRaTOprovemenlsandcauseared 

intdm'cdiatcs, which goes together with an mcrsase of the light ends <:0nt6nt. 
Treatment with only active carbon (Norit), with an alkaline pH, gives an excellent 
LVft improvement, and is capable of removing apart of the light ends, while 
leaving the intermediates content practically intact. Treatment with w acidic 

10 mixture of clay and active carbon (Bent Actigel at 20% Cdxbon) gives a good LVR 
improvement together with a reduction in total of Ugbt ends/intermediates (light 
ends is increased, intemiediat6S decreased). 

Treatment with a clay <Tonsil 3191 FF, Volcansil RN-70 and D.E./l 1 ), or a 
15 mixture of clay and active carbon (Tonsil 3 14 FF with 1 0% Norit SA 4G or 
SA4PAH), that has a pH of about neutral, gives good-to-excellent LVR 
improvements. The intcmiediates content can be somewhat reduced and the light 
ends content can increase^ but the caxbanyl number is not increased. Using a 
higher active carbon content in such a solids mixture* which also makes the pH of 
20 the solid more alkaline, gives an excellent LVR improvement wifli substantially 
no change in carbonyl number and minimal changes in intermediates content and 
light ends content. 
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Th9 pla5;ticiser treatment vessel u^ed -in Example 2 is laboratory scale. A typical 
scaled up vessel for commercial plasticiser piirificaiicm would be for example a 
cylindrical VBrtical drum with koibbogen heads having dimensions; D = 4000 mm 
and Hv'^5400 mm. Such a vessel would contain four vertical baffles at 90° around 

5 the vertical wall^ with a width of 333 mm and a height 4900 mm, leaving a gap of 
S3 mm with the vessel wall. Liquid level in the vessel wovid he 4800 mm max. 
(All these heights considered as expressed tcom bottom tangent line up.) The 
vessel would be fitted with an impeller such as an HE*3 having a 1626 ram 
diameter and a 137 mm height. The height of the impeller finom the bottom 

10 tangent line would be 123 mm and the speed of the impeller would be 86 ipm. 




1 
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CLAIMS 

1 , A di-alkyl phthalate characterised by a caibonyl number below 0.2 mg 

TCOH/g, a Ught onds content of les$ than 1000 ppm wt, and a liquid voJumB 
resistivity (LVR) tbxit is: 

i) grealer than 0*3 x lO'^ ohm.cm in tte c^$e where di-alkyl is di-2- 

efhyl hexyl; 

ii) greater than 0.6 x 10^^ olMn.cm in th« case whwe di-alkyl is di- 
isononyl; and 

iii) greaterfhanl35xl0^^ohm-cminfl]iec595ewheredi-all^^ 
isodecyL 



2. The phthalate of claim 1 vv^herein the LVR (la units of lO'^ ohmxm) is 

i) greater than 0.5 or greater than 0.8 or greater than L I in the case 
15 ^ where di-alkyl is di-2-ethylhexyl; 

ii) greater than 0.7 or grealer than 1 *0 or greater than 2-0 in the case 
where di-alkyl is di'-isononyl; and 

iii) greater than 2.0 or greater lhan 2.5 or greater than 3.0 in Ihc case 
where di-alkyl is di-isodooyl. 

20 

3. The phtlialate of claun 1 or 2 wherein the carbonyl number is 0-1 
mglCOH/gorless. 

4. The phthalate of claim 1, 2 or 3 wherein the light ends content is below 
25 600 ppm wt- 

5. The phthalate of claun 1, 2, 3 or 4 containing intermediates, wherein the 
intermediates content is below 750 ppm Wt. 

30 6. The phthalate of claim 5 having a combined light ends md intem^ediales 
content below 1000 ppm wL 
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7. A process for the production of a plasticiser ester comprising: 

(i) esteri^yiag an acid or an anhjdride with sn alcohol contaimng 
from 6 to 13 carbon atoms, to fonn a crude ester; 

(ii) treating the crude ester with a base, to form a treated estet; 
5 (iii) filtering the treated ester to separate a liquid product; 

(iv) stripping tihe liquid product to fomi a stripped material; 

(v) treating the stripped material with an adsoibeot; and 

(vi) filtering the product of step (v), optionally in the presence of a 
filter aid» to remove the adsorisent fiom Ifae plasticiser ester, 

10 

8. Hie process accordmg to claim 7 in which the base is m allcali metal salt 

9. The process according to claim 7 in which the base is sodium hydroxide or 
spdhuD carbonate. .^^ 

15 . V ... y . , 

10. The process according to claim 7, S.ar 9 in which water is removed irom 
the treated ester bcfiire filtering step (iii). 

1 1 . The process according to claim 10 m which the water is removed by 
20 flashing or steam stripping. 

12. The process according to any of claims 7 to 11 in which the acid or 
anhydride is an aromatic monocarboxylic acid or anhydride^ or apolybasic 
aromatic carboxylic acid or anhydride. 

2S 

13. The process according to claim 1 2 in which the anhydride is ph(halic 
anhydride. 

14. The process according to any of claims 7 to 13 in which the alcohol is a C9 
30 to Cii alcohol 
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15. The process according to claiitt 14 in which the alcohol is a Cio alcohol or 
aCii alcohot 

16. The process accoidingto any of dahns 7 to 15 in which the combined 
5 amount of adsofbcait and the filter aid employed is from 0.01 to 5 wt%, 

based on the weight of the plasticiser ester. 

17. The process acoordhig to claim 16 in which the combined amount is from 
0.02to2wt%. 

ID 

1 8. The process aooordli^ to daim 17 in which the combined amount is firom 
0.03tolwt%. 

19. Tlie process accordinlg tb 'cl&im 18 in wfiidi the combined amount is from 
15 0.04 to 0.3 wt%. 

20. The process according to any of daims 7 to 19 in which 8tq>5 (v) and (vi) 
are enabled by employing a mixture of filter aid and adsorbrat in step (v). 

iO 21. The process accoiding to claim 20 in which the mixture ccmtains from 70 
to 30 parts by wdght of the filter aid and fi:om 30 to 70 parts by weight of 
the adsorbent. 



22. The process acconling to claim 21 in which the mixture contains from 60 
25 to 40 parts by weight of the filter aid and from 40 to 60 parts by weight of 

the adsorbent. 

23. The process according to aoy of ckiims 7 to 22 in whifih the adsoibent is 
activated carbon. 

30 
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24. Th^ process according to any of claims 7 to 23 in which the filter aid Is a 
clay. 

25. The process according to any of claims 7 to 22 in which the filter aid is 
5 present and i& z\^y, and the adsorbent is activated carbon. 

26. The process according to any of cidms 7 to 20 in which the adsorbent also 
acts as the filter aid. 

10 27. The process according to any of claims 7 to 26 in which the treatment step 
(v) is performed at a temperature in the range of 20 to lSO^'C, preferably 50 
to 15(PC, more preferably 80 to 120*C and in particular 100 to 110*C. 

28. A process or use according to claim. 27.in v^hich the treatment step (v) is 
IS performed at a temperature in the x^ge of 80 iQ 1 20*^C and the plasticiser 

is 1^ Cg tq CK3 dialkyl phfhalate. . 

29. A method for purifying a plasticiser ester which comprises forming a 
mixture of the ester and an adsorbent having a pH in the range of 6 to 1 1, 

20 and subsequently fittcring the mixture, 

30* The method according to claim 29 wliCTein the adsorbent comprises 

activated carbon and wherein the mixture also comprises a filter aid having 
a pH in the range of 6 to 11. 

25 

31. The use of amixliire of activated carbon and a filter aid in tlie purification 
by filtration of a plasticiser ester, said activated carbon and filter aid eadi 
having a pH in the range 6 to IL 

30 32. The method or use according to any of claims 29 to 3 1 in which the pH of 
the adsorbent and/or the filter aid is in the range 6 to 9. 
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33. The method cr use according to any of ctafans 29 to 32 in which, pri( 
purilication according to such method or use, the plasticiser ester is 
subjected to stripping. 

34. A polyvinyl chloride compo$itioTi comprising polyvinyl chlorids 
plasticised with a phtliaHate according to any of claims Ito 6 or a 
plasticiser eater produced by the process according to any of claims 7 to 28 
or purified by the method according to any of claims 29 to 33 , 

35. The use of a polyvinyl chloride ooniposition according to claim34 ftxrwire 
and cable insulation. 
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ABSTRACT 

The liquid volume resistivity of plasticiser esters is improved by pxuifying the 
ester with an adsorbent having a pH in the range 6 to 1 L It is prefer^Lble to use a 
S mixture of a filtration aid and an adsorbent A plasticiser having a desirable 
combination of high liquid volume resistivity. low arnount of light ends and low 
carbonyl number is obtained. 
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FIGURE! 
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FIGURE 2 
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